It is suggested that virtual gluon-clusters exist in nucleon, and that such colorless 
can be calculated by standard methods with the help of the uncertainty principle. Viewed from proton's rest frame, it is of order q || /m 2 ⊥ where q || is the longitudinal momentum of the photon, and m ⊥ ≡ (m 2 + p 2 ⊥ ) 1/2 is the so-called transverse mass of the fermion (with m stands for the mass of the lepton or that of the quark, and p ⊥ its transverse momentum).
It means, viewed in this reference frame, the life-time of the virtual fermion-antifermion pair state created by an energetic photon is long -much longer than the interaction-time between a photon (with the same energy) and (the constituents of) the proton. Does this mean that the "prober" is very likely not a bare photon? The difficulty is bypassed in Parton
Model by describing the electron-proton scattering in a "fast moving frame" in which the proton ( and thus all its constituents) are moving with light-velocity toward γ * . We note that, this method of bypassing the above-mentioned difficulty has also been used in all the "QCD-corrected parton models" (See e.g. Refs 1-3 and the references given there). In fact, all the parton (valence quark, sea quark and gluon) distributions extracted from the data are based on theoretical interpretations and/or analyses made in reference-frames in which the constituents are moving with (almost) light-velocity.
Viewed from such a fast moving reference frame, a gluon g of the proton may dissociate into a quark-antiquark pair, and the life-time of such a virtual quark-antiquarkstate is τ g ∼ q g|| /m 2 ⊥ where q g|| is the longitudinal momentum of the gluon g and m ⊥ is the transverse mass of the quark q (antiquarkq). Hence, if τ g is longer than the above-mentioned photon (γ * ) interaction-time τ int , this virtualstate can be detected by the γ * with the given interaction-time τ int . Now, γ * can only interact with charged constituents, a gluon can dissociate into a virtual quark-antiquark pairs, and the life-time of such a virtual qq-pair is directly proportional to the longitudinal momentum of the gluon. These facts might lead us to conclude that, for a photon γ * with given interaction-time τ int , only gluons with sufficiently large longitudinal momenta could be (indirectly) detected by this γ * (τ int ). Can gluons with lower longitudinal momenta also have a chance to be (indirectly) detected by
The answer is "Yes!". This is because according to QCD, quark-antiquark pairs can also be produced by gluon-gluon collisions, and the produced quark-antiquark pairs may again turn into gluons. One of the simplest examples is the process illustrated by the so-called "box-graph" (See Fig.1 ) in which two gluons turn into a quark-antiquark pair and than turn into two gluons. Now, imagine that, in a certain time-interval, two gluons interact with each other (via quark-exchange) and create a quark-antiquark pair which after a short moment turn into two gluons again; and during this short moment, a virtual photon γ * enters and interact with the quark or the antiquark for a time-interval τ int . Our messenger γ * (τ int ) would report: "I see charges distributed in space-time! ", and we know, because of energy-momentum conservation (and uncertainty principle), the life-time of such a virtual quark-antiquark state is proportional to the sum of the longitudinal momenta of these two gluons. This example explicitly demonstrates how two gluons may come together to form a quark-antiquark pair, which can be detected by virtual photons with a fixed interactiontime. If these two gluons, which form the quark-antiquark pair, for a given time-interval do not interact with other constituents of the proton (See the discussion at the beginning of the present paper!), we call this system (c * ) of gluons "a gluon-cluster". We call the timeinterval in which they do not interact with other constituents of the proton "the life-time of this gluon cluster", and denote this quantity by τ c . Since three or more gluons can also form quark-antiquark pair(s), as illustrated in Fig.1 , while the life-time of such quark-antiquark pair(s) state is directly proportional to the sum of all participating gluons. (This can be readily seen by straightforward generalization of the graphs shown in Fig. 1 to higher orders.)
It should be mentioned in this connection, that the notion of gluon-cluster is not restricted to a system of two or more gluons which can form one and just one quark-antiquark pair. A gluon cluster c * is in general a system of gluons which, for a given time-interval τ c , interact
with one another, and only with one another; they form quark-antiquark pairs, and the space-time distributions of the temporarily existing charged constituents can be detected by virtual photons in inelastic electron-proton scattering processes. The life-time of the gluon cluster τ c can be calculated by using the uncertainty principle.
Kinematic considerations show that such a gluon-cluster, before it interacts (i.e. its charged constituents interact) with the incoming virtual photon γ * (x B , Q 2 ), is itself virtual -in the sense that the total four-momentum q c of the system of gluons is such that the scalar-product q 2 c is less than zero. This is why we denote such a cluster by c * (with an asterisk as superscript). It should also be mentioned in this connection that, in contrast to gluon-clusters, the four-momentum of a glueball is time-like. Perhaps, it is possible to produce glueballs and/or mesons by knocking-out colorless gluon-clusters under appropriate experimental conditions.
Having in mind that the gluons are subjected to confining color forces, the magnitude of which increases with increasing distance within a hadron, and that the clusters are formed in a random manner, it is not difficult to imagine that the typical spatial extension of a gluoncluster is comparable with that of a hadron, and that there are in general spatial overlaps between different clusters of the same proton. But, as we have explained in connection with the definition of the clusters, during the given interaction-time τ int , the cluster struck by
can be considered as a free (that is not interacting with other cluster or hadrons) object, provided that τ int is shorter than the life-time of the cluster. (As we have already mentioned at the beginning of this paper, the question "who is interacting with whom" depends on the comparison between two time-intervals: the time-interval the "prober" does his measurement and the time-interval the probed objects need to communicate with one another!) Furthermore, since gluons are members of a color-octet, gluon-clusters are expected to be either in the color-singlet (colorless) or in one of the possible color-multiplet Before we proceed to discuss in more detail the relationship between the proposed gluonclusters and the existing inelastic electron-proton scattering data, it seems useful to ask:
How much do we know about the dynamics of cluster-formation and cluster-decay ? How much details do we need to know about the dynamics of such formation-and decay-processes in order to understand the results obtained the experiments performed at HERA ? The answer to the first question is: "Very little." It is the case, although we adopt QCD for the description of the elementary interactions between the constituents (quark and gluons). As we can see from the examples shown in Fig.1 , the color-interactions between the constituents in a cluster are in general very complicated, and we are not sure whether it is useful and/or meaningful to calculate the lowest order or certain sets of graphs by using perturbative QCD. To attack such random formation process using non-perturbative methods in which the interaction-time with the "prober" is also taken into account, lattice QCD calculations seems to be an attractive possibility. Discussions on the possibility of writing a Monte-Carlo program based on such ideas -in particular the idea of also taking the interaction-time between the "prober" and the "probed object" is taken into account in such calculationsare underway; but we are still rather far from our goals. Fortunately enough, the answer to the second question is also "Very little."! In fact, in the present paper, we discuss the problem by using a statistical approach; and we show that phase space considerations without any dynamical input are sufficient to give a reasonable description of the striking characteristic features of the HERA-data.
To be more precise, let us consider such gluon-clusters and their interactions with virtual photons γ * (with given Q 2 and x B ) in a fast moving frame in which the proton is moving practically with the velocity of light. We denote the four-momentum of the proton by
, that of the cluster by q c = (q 0 c , q c⊥ cos ϕ c , q c⊥ sin ϕ c , q c ) and that of the remnant of the proton by P ′ . Here, we consider only the case in which the remnant of the proton remains a proton (the generalization is straightforward) and obtain that, for
where 
Now, we consider the number-density N i (q c ) of c * i (i = m, 0) with fixed q c . It is clear that, unless there are special dynamical reasons which forbid such considerations, the simplest ansatz for this quantity is to assume that it is proportional to the corresponding allowed (4-dimensional) phase-space Ω i . That is:
Here, the δ-function takes care of to energy-momentum conservation which requires q
and κ i with i = 0, m are two constants.
The contributions to the nucleon structure function
, can be calculated. They are given by,
where should be the sum of the corresponding possibilities. This is why we add the structure functions of c * m and c * 0 . In this connection, it is also interesting to compare the structure function of a virtual gluon-cluster with that of a virtual meson -in particular a virtual pion. The latter is similar to the former in the sense that it also describes the probability for the virtual photon in an inelastic electron-proton scattering to interact with a charged constituent of a virtual (that is space-like) subunit of the proton. But, in contrast to the former, it is formed by quark-antiquark collisions, and thus manifest itself outside the small-x B region where the quark/antiquark-distributions dominate. This is why, we do not consider them in the present paper.
The physical region D of the above-mentioned gluon-clusters is characterized by: q 
determined by the above-mentioned kinematic constraints. In order to see the qualitative features of the relevant quantities, it is useful to know that, for Q 2 ≫ M 2 , we have:
and
The following qualitative features can be read off from Eqs. 
for x B < ξ c ≪ 1. It is interesting to note in particular that the latter has a term proportional to ℓnQ 2 /M 2 , and this dominates the Q 2 -dependence of F 2 (x B , Q 2 |c * m ). The former is expected to have significant influence in particular on ξ c -dependence of the "diffractive structure function" F D(3) 2 (x Bc , Q 2 , ξ c ) which will be discussed below.
Let us now examine the second factor in the integrand of Eq.(4), the structure function of the cluster c * i , F (2) and (4), with F ci 2 =const, the following:
where λ ≈ 4πM/(1 + x B E p /E e ) (E e is the electron energy) coming from the Jacobi one Fig. 3 .
Furthermore, we note that the measured /1,2,3/ "proton's diffractive structure functions"
(β, Q 2 , x P , t)dt can also be calculated and that the variables used in Refs.1 and 2 are closely related to those we used in this paper. In fact, we have:
; and in the case F ci 2 =const, we have, (7)]. While the latter is consistent with the existing data /1,2,3/ (see Fig.4 ), the former can be checked by future experiments.
In conclusion, it is suggested that virtual gluon-clusters exists, and they manifest themselves in the small x B region of inelastic lepton-nucleon scattering processes. It is shown that the space-time properties of the gluon-clusters play a very special role in understanding the striking properties observed in such scattering processes. To be more precise, it is shown that the persisting lnQ 2 -dependence of F 2 (x B , Q 2 ) and the existence of large rapidity events are closely related to each other; in fact they directly reflect the space-time properties of the colored and the colorless clusters. In the framework of a statistical approach discussed in this paper, the gluon-clusters are randomly formed, and the dynamical details of cluster-formation and cluster-decay are completely neglected. In order to make quantitative comparisons with the data /1−3/ , a phase-space model is used to carry out the calculations. The curves are the calculated results. Here, as well as in Fig.3 and 4 , the lines show the calculated result with the F ci 2 (x Bc ) =const. 
